Abstract. Aiming to the problem of torsional vibration of the automobile transmission system caused by engine excitation, the experiment with dual mass flywheel small SUV cars as example, conducting torsional vibration test. The torsional vibration signal is tested by the equal angle sampling technique and the order analysis method. The torsional vibration data of the constant speed working condition obtained are dealt with and analyzed by MATLAB, and the order signal of the engine excitation is obtained. The influence of the engine excitation response on the torsional vibration of the transmission system and the torsional vibration reduction effect of the dual mass flywheel is verified, which serves as a basis and reference for torsional vibration analysis and the design and improvement of dual mass flywheel.
Introduction
In order to reduce the torsional vibration and noise of the automobile transmission system, the field scholars have carried out a lot of research and experimental analysis, people have developed a dual mass flywheel to reduce the vibration and noise of the transmission system. Car driving process, the engine speed is always changing, the traditional spectrum analysis method is likely to cause "spectrum blur" phenomenon [1] . So now mainly through the order analysis theory to solve this problem. But at present, the country can test by real road test the transmission company that equips with dual mass flywheel is still relatively less, more is through the bench experiment or simulation simplified method to do a theoretical analysis. It is of major theoretical significance to analyze the torsional vibration problem of the automobile engine with the dual mass flywheel in the process of variable speed.
Torsional Vibration Test Conditions
In this paper, a small brand SUV as a research vehicle, the transmission system using front engine front wheels drive layout (FF program).The power transmission system, including the engine, dual mass flywheel, clutch, gearbox, the main reducer, differential. As well as the half shaft and wheels. The test conditions and method are as follows:
1) The test model of its engine for the four-stroke inline four-cylinder multi-point injection gasoline engine, displacement of 1.5L, the test was loaded with 5 people, closed the vehicle windows, closed ventilation and electrical equipment.
2) The data acquisition system uses Daquire real-time acquisition system produced by CCS Corporation.
3) The two magnetic speed sensors are installed in the engine starting gear side and gearbox input shaft side, as showed in Figure 1 for the transmission system and sensor layout diagram.
4) The test runway is located in the suburbs of Guangdong Province. The road surface is clean, dry and smooth asphalt pavement with less than 0.1% slope, no wind or breeze, wound speed of not more than 3m / s and sunny weather conditions.
5) The test method of this study is based on the non-contact measurement method, the use of equal angle sampling method to obtain a specific measurement point at the torsional vibration signal. 
Treatment and Analysis of Torsional Vibration Signals Excitation Source Analysis
In order to facilitate the analysis and research, the external excitation factors, such as an engine, pavement impact, etc., which cause torsional vibration of the transmission system, are defined as a single excitation source. The excitation source which causes the torsional vibration of the transmission system also includes the gear pair, transmission shaft, half shaft and other internal components, such excitation factors are defined as secondary excitation source.
Single Excitation Source. The first excitation source which causes the torsional vibration of the transmission system mainly includes the road excitation and the engine excitation. The engine excitation source is mainly composed of the gas pressure in the cylinder cycle, the inertial force and the inertia moment generated by the crank mechanism movement [2] . The main excitation source of the torsional vibration of the transmission system comes from the engine. Typical harmonic components include the 0.5, 1th, 2th, 4th, 6th, 8th and so on. The test road surface is clean, dry, flat asphalt pavement. Road slope is less than 0.1%. The influence of road excitation on torsional vibration of transmission train is not considered.
Secondary Excitation Source.
The secondary excitation source is mainly the gear meshing excitation signal. Gears during the process of gear changes in load and gear processing errors and installation errors caused by gears instantaneous transmission ratio changes, resulting in wheel teeth between the collision and shock; When the gear meshing, periodic changes of shock cause the transmission to bend or twist, The frequency range of the torsional vibration caused by the gear is 400-2kHz.
Test Result Analysis
When the automobile travels on different road conditions, the signals generated by the automobile and the various external noise interference signals are superimposed, the collection and processing of the test signals become complicated. The vibration signal is a non-stationary time-varying signal, and its diverse physical characteristics change with time, and it is difficult to extract the fundamental frequency accurately due to the influence of noise and resonance [3] .This paper mainly uses the MATLAB software platform to program, using a more concise basic frequency signal extraction method, through the torsional vibration signal per revolution data points to the average method to extract the base frequency, as showed in Eq. 1and Eq. 2.
In the above Equation,
( ) X n is rotational speed fluctuation signal; n is location of sampling points in sampling sequences; M is sampling points per rotation; ( ) C n is the original signal. Fundamental frequency is c f .
Because of space constraints, take the speed of the fifth speed 60km/h engine flywheel and gearbox input shaft signal as an example, process equal Angle sampling data, Angle domain figure is obtained as shown in Figure 2 As can be seen from Figure 2 (a) (b), The engine speed fluctuation range is 1660-1750rpm,which is the normal range, and after the double mass flywheel damping system, the instantaneous speed fluctuation is obviously smaller, the gearbox speed fluctuates very stable, and the amplitude of the torsional vibration has been greatly attenuated, indicating that the dual mass flywheel has a good damping effect and the engine power through the dual mass flywheel after the transfer of some of the more irregular vibration speed is filtered out to enhance the stability of the transmission system.
The order sampling must still satisfy the Shannon sampling theory. In order to make spectrum analysis does not appear frequency fuzzy phenomenon, s O is sampling order, max O is maximum analytical order, sampling interval is θ
In this paper, the number of sampling points each rotation of the engine flywheel is 132, so the maximum analysis order is 66; the input shaft of the gearbox is 41, and the maximum analysis order is 20.5. Fourier transforms to obtain the order spectrum as showed in Figure 3 , and the abscissa indicates the order and the ordinate represents the amplitude. Figure 3 (a) can be seen that the angular order spectrum obtained by the order spectrum analysis is not only the frequency aliasing, but also the peak of the engine characteristic order is obvious. The main order of the engine are concentrated on the 2th, 4th, 6th and 44th, in which The 2th order characteristic component is the most prominent, which can be obtained from the engine flywheel torsional vibration signal order spectrum basically reflects the engine torque fluctuation of the situation, in line with the actual situation of the engine excitation. It can be seen from Fig.3 (b) that there are obvious peaks at 0.5, 2th, 6th and 14th, indicating that the torsional vibration at the input shaft of the gearbox is mainly concentrated in these orders.
According to the formula, engine vibration frequency is v f , I is order.
v c f If = (3) In the engine three, four, five and six gears under different gears, the vibration order spectrum analysis shows that the gearbox gear changes, but in the 44th order there is a large vibration. Take the fifth gear as an example, for the simulation results appear in the 44th order is not consistent with the engine torsional vibration characteristics. Assuming the engine order is the 44th order, by Eq.3 to calculate the engine vibration frequency is 1250.48Hz, we can see that this frequency is not consistent with the results of the engine. The initial guess may be caused by the gearbox gear pair meshing excitation signal. The basic parameters of calculating the gear are the most important for gear meshing frequency. Meshing frequency is z f , meshing order is m x , n is gear speed, z is tooth number of gear.
From Eq.4 and Eq.5 can be calculated from the gears of the gear meshing frequency and meshing order, the 44th order corresponding to the frequency within each gear meshing frequency range, as shown in Table 1 , which can be judged by the excitation signal of the gear pair causes the gears (including the active and passive teeth) to engage in the impact shock during the gear meshing of the gears, and further tests are required for which gears (or associated parts) .Because of limited testing conditions, further validation cannot be obtained. As for the torsional vibration signal of the engine flywheel end and gearbox input shaft is composed of multiple harmonics, the general analysis of the 12 harmonic can guarantee the accuracy of analysis, the engine signal to be studied in the torsional vibration. The maximum frequency is max f .
This test tested third gear to sixth gear uniform conditions, because of space constraints, test data is shown in Table 2 . It can be seen from Table 2 that there are abundant and obvious components below the 2th order in order spectrum of the torsional vibration signal of the engine flywheel end at the gearbox gears, and the corresponding frequency is about 60Hz, That is, most of the energy of the torsional vibration signal is concentrated in the low frequency region of less than 60Hz, which indicates that the low frequency torsional vibration is more serious. The main reason is: First, the engine torque fluctuations in the low frequency; Second, the transmission system in the low frequency occurs when the torsional resonance. When the gearbox is in the same gear, the engine speed is higher, in the order spectrum, the amplitude of vibration is the lower, indicating that in a certain speed range, the same gear, the engine speed is the higher, vibration frequency is high, and other of the parts are not in a vibration frequency range, not easy to produce resonance, the more smooth car driving.
After the torsional vibration signal of the flywheel end of the engine has passed the dual mass flywheel, the double mass flywheel vibration amplitude is about 74% and above, which shows that the double mass flywheel sample does have good damping effect and the vibration is smooth.
Summary
Through the above experimental study, the following conclusions can be drawn: 1) Use MATLAB software to program the fundamental frequency signal by means of the whole cycle data point method to eliminate some of the noise interference signals, so as to obtain clear test results, Identify the engine of the harmonic components, is conducive to the analysis of the work carried out.
2) The order of the torsional vibration signal of the engine flywheel end can basically reflect the state of the engine torque fluctuation. The energy of the torsional vibration signal of the transmission system is mainly concentrated under the order of the 2th order, that is, the low frequency region below 60Hz.
3) It can be seen that there is a sudden change in the amplitude of the torsional amplitude at the order of the 44, so as to judge the vibration caused by the gear meshing excitation signal, and the order spectrum is the theoretical basis for the fault diagnosis analysis.
4) The dual mass flywheel sample has a good torsional damping effect. It is not only the reference for the development, design and manufacture of the dual mass flywheel products and the automobile transmission system, but also is beneficial to the enterprises to save development funds and shorten the development cycle on the road test of the vehicle with the double mass flywheel.
